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Summary

The purpose of U.S. animal agriculture is to produce high quality meat, milk and eggs for human consumption. The environmental impact of livestock production must therefore be assessed on a whole-system basis and expressed per unit of food produced. Improving productivity (output per unit of resource input) is a key factor in reducing the environmental impact of livestock production. Systems that allow for increased milk yield per cow, improved growth rate per beef steer or greater quantities of food product to be moved using a single vehicle allow for considerable reductions in resource use, greenhouse gas emissions and economic cost per unit of food produced. Management practices and systems that intuitively appear to be environmentally and economically beneficial should therefore be subjected to scientific assessment in order to correctly assess their potential for mitigating the environmental impact of livestock production.

Introduction

All food production systems have an impact upon the environment, regardless of how and where the food is produced.  The environmental impacts of agricultural practices are increasingly well-known, not only to food producers but also to policy-makers, retailers and consumers.  Increased public awareness of these issues underlines the critical need to adopt livestock production systems that reduce the environmental impact of agricultural production.  This can be achieved through the use of management practices and technologies that encourage environmental stewardship at the farm-level, as well as improving transportation operations to reduce the eventual environmental and economic cost to the consumer. In the following testimony I will discuss the potential for improved productivity to mitigate the environmental impact of animal agriculture.

Low-input production systems are, by definition, low-output production systems

The dichotomous challenge of producing more food from a dwindling resource base often leads to the suggestion that adopting low-input production systems is the key to sustainable agriculture. However, this defies a fundamental principle of physics, the First Law of Thermodynamics which states that ‘energy can neither be created nor destroyed, it can only change form’. Carbon is the key unit of currency of energy use of living organisms. Just as we balance our checkbook every month, energy (carbon) inputs and outputs must be balanced against each other. By definition, a low-input production system is a low-output system. Within livestock production systems, low-output systems are characterized by reduced productivity over a fixed time period. The following examples will discuss the effects of improved productivity manifested as increases in milk yield per day (dairy production), growth rate (beef production) and transportation carrying capacity (egg production).   

Environmental assessment must be assessed per unit of food produced

The purpose of any livestock production system is to provide sufficient safe, nutritious, affordable meat, milk or eggs to fulfill market demand. In contrast to more uniform manufacturing industries, livestock production occurs within myriad different systems that range from extensive to intensive; small-scale to large-scale and independently owned and managed to contracted production. Environmental impact has previously been assessed per acre, per animal or per facility. Although this may provide an indication of the impact of animal production on a specific geographic region, this fails to consider the true aim of the system – to produce food. 

When assessing environmental impact, it is therefore essential to express impact per functional unit of food, e.g. resource use and waste output per lb, kg or gallon of product (Schau and Fet, 2008). Thus, greenhouse gas (GHG) emissions should not be simply assessed as per animal or per facility but based on system productivity using a life-cycle assessment (LCA) approach. Prescribed by the EPA, LCA incorporates all inputs and outputs within food production and allows valid comparisons to be made between systems. For example, it is intuitively obvious that a 50-cow dairy will have lower annual methane emissions compared to a 500-cow dairy. However, the 500-cow dairy will produce more milk both per facility (as a consequence of the increased number of animals) but also, according to a recent USDA-NAHMS report (USDA, 2007) an extra 1,152 kg milk per cow annually. Greater productivity is associated with both physical and financial economies of scale, but also with a reduction in environmental impact through the ‘dilution of maintenance’ effect (Bauman et al., 1985).

The ‘dilution of maintenance’ effect

All animals require a daily amount of maintenance nutrients to maintain weight, bodily functions and health. This ‘fixed cost’ must be met before production (growth, pregnancy or lactation) can occur and is fulfilled by primary (feed, water) and secondary (cropland, fertilizer, fossil fuels) resource inputs. It is also associated with a proportion of the animal’s daily waste and GHG output. To use dairy cows as an example, ‘dilution of maintenance’ occurs when output (milk yield per cow) is increased, thus diluting the maintenance cost over more units of production and improving efficiency. This effect is not simply confined to lactating cows: the national herd also contains a considerable number of non-productive animals (non-lactating cows, replacement heifers and bulls) that serve to maintain the dairy herd infrastructure and require maintenance nutrients. Improving productivity thus improves efficiency and reduces the total population size required to produce a set amount of milk. Consequently it reduces both resource use and GHG emissions per unit of milk produced.

Improving productivity (milk yield) reduces the dairy industry’s environmental impact

The effect of improved productivity on the environmental impact of producing a set quantity of milk is perhaps best illustrated by comparing U.S. dairy production in 1944 compared to 2007 (Capper et al., 2009b). The agrarian vision of U.S. dairy farming involves cows grazing on pasture with a gable-roofed red barn in the background – a traditional low-input system. By contrast, the image of modern dairy production propounded by anti-animal agriculture activists is synonymous with “filthy and disease-ridden conditions”  and ‘industrialized warehouse-like facilities that significantly increase GHG emissions per animal’ (Koneswaran and Nierenberg, 2008). It is indeed true that modern dairy cows produce more GHG emissions than their historical counterparts. Figure 1 shows that daily GHG emissions per cow (expressed in CO2-equivalents, the standard measure for expressing carbon emissions) have increased considerably over the past 65 years. The average dairy cow now produces 27.8 kg of CO2-equivalents per day compared to 13.5 kg CO2-equivalents per day in 1944 (Capper et al., 2009b). However, expressing results on a ‘per cow’ basis fails to consider system productivity. When analyzed using LCA on a whole-system basis, GHG emissions per kg of milk produced have declined from 3.7 kg in 1944 to 1.4 kg in 2007, a 63% reduction. This has been achieved through considerable improvements in productivity conferred by advances in animal nutrition, genetics, welfare and management. Annual milk yield per cow more than quadrupled between 1944 (2,074 kg) and 2007 (9,193 kg), allowing 59% more milk (84.2 billion kg vs. 53.0 billion kg) to be produced using 64% fewer lactating cows (9.2 million vs. 25.6 million). 

The resource use and waste output per unit of milk for 1944 and 2007 production systems are shown in Figure 2. The 4.4-fold increase in productivity (milk yield per cow) drove a 79% decrease in total animals (lactating and dry cows, heifers, mature and adolescent bulls) required to produce one billion kg of milk. Feed and water use were reduced by 77% and 65% respectively. The total land required for milk production in 2007 was reduced by 90% compared to 1944, due to both improved crop yields and the shift from feeding pasture to nutritionally-balanced diets based on silage, hay and concentrate feeds. Manure output from the modern system was 76% lower than from the 1944 system, contributing to the aforementioned 63% decrease in the carbon footprint per unit of milk. In consequence, the carbon footprint of the entire dairy industry was reduced by 41% by the adoption of technologies and modern management practices that improved productivity between 1944 and 2007.
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Figure 1. Carbon Footprint per Cow and per Kilogram of Milk for 1944 and
2007 U.S. Dairy Production Systems (Capper et al., 2009)




The U.S. dairy industry has led the major global dairy regions in terms of productivity since 1960 (FAO, 2009). The average U.S. dairy cow produced 9,219 kg milk per year in 2007. By contrast, the average annual yield for the top six milk-producing counties in Europe was 6,362 kg milk per year, while annual production in New Zealand and Canada averaged 3,801 kg milk/cow and 8,188 kg milk/cow respectively (FAO, 2009). On a comparative basis, this meant that for every one dairy animal in the USA in 2007, Canada required 1.1 animals, Europe required 1.4 animals and New Zealand required 2.4 animals to maintain a similar milk supply (Figure 3, Capper et al., 2009a). This clearly demonstrates the important of improving productivity in reducing the number of dairy animals required to produce a set amount of milk, therefore reducing total resources and GHG emissions associated with milk production.

Within any milk production system, a relatively minor increase in productivity will have a major environmental mitigation effect. Simply increasing the average U.S. dairy cow’s daily milk yield from 29.5 kg to 34 kg would reduce the dairy population required to fulfill the market demand for milk by 12% (Capper et al., 2008). This would reduce the GHG emissions per billion kg of cheese by 1,173,000 metric tonnes – equivalent to taking ~246,900 cars off the road or planting 184 million trees. This improvement in productivity would also equate to a significant improvement in economic sustainability for the producer. Fetrow (1999) discusses a similar improvement in productivity conferred by the use of the technology recombinant bovine somatotropin (rbST) and concludes that a 50% return on investment can be gained. Furthermore, as noted by Alvarez et al. (2008), improvements in productivity are intrinsically linked to economic and labor efficiencies. 

[image: image2.png]500%

443%

400%

300%

200%

100% 1944
35% 37% e
21% 23% = 24% = -
- me n B 0% am
Milk Animals* Feed* Water* Land* Manure* Carbon Industry
Production Footprint*  Carbon
perCow Footprint

*As measured per unit of milk as it leaves the farmgate

Figure 2.2007 U.S. Milk Production, Resource Use and Emissions Expressed asa
Percentage ofthe 1944 Production System (Adapted from Capperetal., 2009)




Improving productivity (growth rate) reduces the environmental impact of beef production

Mirroring improvements in dairy productivity over time, the average beef-carcass yield per animal has increased over the past 30 years from 266 kg in 1975 compared to 351 kg in 2007 (USDA, 1976; USDA/NASS, 2008). It appears that slaughter weight has reached a plateau beyond which the processor is unwilling to venture. However, improving productivity by increasing growth rate confers considerable potential as a mechanism to reduce the environmental impact of beef production. As previously described, all animals have a basic requirement for daily maintenance nutrients to maintain health and body tissues. As growth rate increases, fewer days are required to grow the animal to slaughter weight, thus saving maintenance nutrients and associated resource inputs. 
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According to Capper et al. (2009a) finishing beef steers on pasture takes 438 days, compared to 237 days to finish identical animals on corn-based diets. This is due to the lower growth rate conferred by pasture-based diets. In combination with increased daily GHG emissions and energy use by animals fed pasture-based diets, the extra 201 days of maintenance nutrients results in a threefold increase in total energy use and methane emissions to finish the pasture-fed steer. To supply the extra maintenance nutrients required, 13x more land is required to finish a pasture-fed beef steer than a corn-fed steer. These results are in agreement with modeling simulations of beef production systems published by researchers at Iowa State University (Lawrence and Ibarburu, 2007), and with the suggestion by Avery and Avery (2007) that pharmaceutical technologies used to improve growth rate in beef animals have positive environmental and economic effects. Furthermore, Acevedo et al. (2006) analyzed the economic implications of differing productivity in conventional (grain-fed), grass-fed and organic beef production systems and concluded that the conventional system, with its high growth rate, was the most economically-beneficial to the producer.

Productivity plays a key role in reducing the environmental impact of food transportation

Transportation represents a relatively minor component of the total environmental impact of food animal production with the major component occurring during the on-farm production phase (Berlin, 2002; Steinfeld et al., 2006). Nonetheless, the productivity (in this situation defined as the quantity of food product moved over a specific distance) of the transport system has a major effect upon the total environmental impact attributed to transportation. In response to the current tendency to use ‘food miles’ as an indicator of environmental impact, three scenarios were developed by Capper et al. (2009a) to model the transport of a dozen eggs from the point of production to the consumers’ home. The three scenarios were as follows: 1) the local chain grocery store supplied by a production facility with eggs traveling a total distance of 805 mi; 2) a farmer’s market supplied by a source much closer than the grocery store’s source;(total distance traveled 186 mi) or 3) directly from a local poultry farm (total distance traveled 54 mi). Intuitively it would seem that buying eggs directly from a local poultry farm would be the situation with the lowest environmental impact. However, the grocery store eggs, which traveled the furthest distance, were shown to have lowest fuel consumption per dozen eggs (0.56 liters), buying eggs from the local farm had the highest fuel use (9.12 liters per dozen eggs) and the farmer’s market eggs were intermediate between the other two scenarios. The high energy efficiency of the grocery store system can be attributed to its reliance on tractor-trailers that have a capacity of 23,400 dozen eggs – a huge increase in productivity compared to the other two scenarios. Again, it is clear that productivity has a significant impact, not simply upon resource use and consequent environmental impact; but, given the current financial situation, on the economic sustainability of the food transport system.

Conclusion

The global population is predicted to increase to 9.5 billion people in the year 2050 (U.S. Census Bureau, 2008). Total food requirements will increase by 100% (Tilman et al., 2002) as a function of both the 50% increase in population and the additional global demand for animal protein as people in developing countries become more affluent (Keyzer et al., 2005). The resources available for agricultural production are likely to decrease concurrently with population growth due to competition for land and water and depletion of fossil fuel reserves. To continue to produce sufficient milk, meat and eggs for future domestic and export markets in an environmentally and economically sustainable manner it is essential to examine the entire food production system and to make judgments based on productivity, expressed per unit of food. There can be no doubt that improving productivity, whether as part of on-farm production or further down the transportation chain has a considerable effect upon total environmental and economic impact. 
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